Natural products were proved to have inhibitory effect on the nitro-oxidative stress. The aim of the study was to evaluate the effect of Mahonia aquifolium (MA) flowers extract upon nitro-oxidative stress in acute experimental inflammation. The extract was prepared by repercolation method. Acute experimental inflammation was induced with turpentine oil (0,6ml/kg b.w. i.m.). MA extract was given for 7 days. Were used 6 groups (n=5) of male Wistar rats: Groups 1-3 were with acute inflammation and treated with MA dilutions (100%, 50%, 25%); Group 4 was acute inflammation control; Group 5 was negative control; Group 6 was acute inflammation treated with diclofenac (10mg/kg b.w. p.o). In day 8 nitro-oxidative stress was evaluated by measuring serum nitrites and nitrates (NOx), Total oxidative stress (TOS), Total antioxidant capacity (TAC), Oxidative stress index (OSI), Malondialdehyde (MDA) and Thiols (SH). MA reduced OSI and TOS, increased SH, and had no important effect on TAC, NO and MDA. Compared to MA, Diclofenac was a stronger inhibitor of TOS and OSI, and had a smaller effect on SH. Mahonia aquifolium flowers extract had inhibitory effect on the oxidative stress, without influencing NO and lypoperoxides production, the effect being smaller than that of Diclofenac.
Introduction
Plant compounds are known to have antioxidant, anticancer and antimutagenic activity (Oneschuk and Younus, 2008 ) mainly due to the phenolic compounds content. Recent studies have established the importance of diet based phenolic agents in many diseases (Wong et al., 2009 ). Natural antioxidants from plants can be found in all plant parts (Shahidi and Ambigaipalan, 2015 ).
An antioxidant compound can be defined as a substance which, when present in low concentrations compared with those of an oxidable substrate, prevents pro-oxidant initiated oxidation of a substrate. Pro-oxidants are substances which can damage lipids, proteins and DNA and are synonyms with reactive oxygen species (ROS) (PRIOR and CAO, 2001 ).
Phenolic compounds have both antioxidant and pro-oxidant properties. The antioxidant ability is due to the reactive oxidant species (ROS) scavenging activities, with protection of intracellular structures against oxidative stress (Zhu et al., 2015) . Thereby, phenolic compounds are beneficial in cancer, diabetes, cardiovascular and cerebrovascular diseases and osteoporosis (Marta et al., 2002) (Wang et al., 1996) strawberry had the highest ORAC activity (micromoles of Trolox equivalents per gram. Furthermore, they draw the attention due to the potential in preventing cancer with minimal toxicity and side effects (Wong et al., 2009 ) by acting as pro-oxidants that stimulate apoptosis and inhibit tumour growth (Zhu et al., 2015) .
Plant derived compounds are able to stimulate both specific and non specific immunity, (Saha et al., 2014) Phenolic compounds have been found to prevent pathogen invasion, and favours the wound healing (Zhang and Tsao, 2016) . Much importance was given to alkaloid berberine which seem to posses immunoregulatory activity (Neag et al., 2018) .
Mahonia species were used in traditional medicine and have many pharmacological activities (Berberidaceae, 2015) like antibiotics, antioxidants, antimutagenic and motility inhibitors (Letašiová et al., 2006 Given all these information, the aim of this study was to evaluate whether MA flower extracts had antioxidant effects in rat experimental acute inflammation.
Material and methods

Plant material
Mahonia aquifolium (Pursh) Nutt flowers were obtained from the A. Borza Botanical Garden "Babes-Bolyai" University of Cluj-Napoca, Romania between April and June 2018. The ethanolic flowers extract 1: 1 (w:v) was obtained by using a modified Squibb's repercolation method in the Mycology Laboratory of BabesBolyai University, Cluj-Napoca, Romania (Parvu et al., 2014)1-diphenyl-2-picrylhydrazyl bleaching method (6.72\u00b10.44 g/mg DPPH.
Experimental design
For the study, 30 Wistar Bratislawa rats weighting 200-250g were used. The animals were purchased from Iuliu Haţieganu University of Medicine and Pharmacy Cluj-Napoca. Animal facility and were kept at 20 o C under standard lighting and humidity conditions. The rats were fed daily with special rat granules and had ad libitum water access. All the procedures and treatments performed in the laboratory were approved by the Institutional Animal Ethical Committee (IAEC) of the Iuliu Hațieganu University of Medicine and Pharmacy Cluj-Napoca, Romania (nr. 18/13.12.2016). The animals were randomly assigned to 6 groups (n=5). The tested MA flowers alcoholic extracts were administrated orally by gavage (1mL/animal) in three dilutions (100%, 50%, 25%) for seven days. The study groups were: Group 1 = Acute inflammation + 100% MA; Group 2 = Acute inflammation + 50% MA; Group 3 = Acute inflammation + 25% MA; Group 4 = Acute inflammation + Tap water (1mL/animal);Group 5 = Negative control group + Tap water (1mL/animal); Group 6 = Acute inflammation + Diclofenac (10mg/ kg b.w. p.o) as an anti-inflammatory control was alkoxy radical RO -) or non-radicals (hydrogen peroxide-H 2 O 2 , organic hydroperoxides-ROOH, hypochlorous acid-HOCl) (Storz, 2005) . Lipids, proteins and DNA are targets of ROS damage (Reuter et al., 2010) . Lipid peroxidation will change the membrane permeability and fluidity with secondary modifications in cellular integrity (Barrera, 2012) , while protein oxidation will affect the enzymatic activity which may lead to cellular apoptosis or necrosis (Barrera, 2012) . DNA damage by ROS is associated with errors in transcription, transduction, replication and genomic instability. All these processes may predispose to carcinogenesis (Valko et Chronic inflammation is the substrate for degenerative diseases (Zhang and Tsao, 2016) and oxidative stress caused by ROS has a crucial role in those diseases (Shahidi and Ambigaipalan, 2015) (Pârvu et al., 2014) . Flavonoids, phenolic acids, lignans, tocopherols and phospholipids are known to be natural antioxidant compounds (Shahidi and Ambigaipalan, 2015) . There are a few mechanisms through which flavonoids reduce inflammation: they act as antioxidants (Shahidi and Ambigaipalan, 2015) , they block the proinflammatory transduction pathways and interfere with oxidative stress pathways (Zhang and Tsao, 2016) .
Among the alkaloids isolated from MA, berberine, jatrorhizine, magnoflorine, berbamine, oxychantine, armoline, baluchistine were found to posess antioxidant activity (Shaffique et al., 2018) (Bezáková et al., 1996) . Jatrorhizine and magnoflorine are hidroxil alkaloids and they can act as strong peroxyl radicals collectors due to the content of a free phenolic group in the skeleton (Račková et al., 2004) . Berbamine and oxychantine are strong inhibitors of lipooxigenase (Bezáková et al., 1996) .
Our previous work showed that MA flower extract contains 3 phenolic acids (chlorogenic acid, p-coumaric acid, ferulic acid) and 2 flavonoids (isoquercetin, rutin) (Andreicut et al., 2018) .
Clorogenic acid has antioxidant (Han et al., 2017) and anti-inflammatory properties through modulating the activation of nuclear factor kappalight-chain-enhancer of activated B cells (NF-κB) (Lou et al., 2016b) . The antioxidant properties provide hepatoprotection and neuroprotection also used. Acute experimental inflammation was induced by turpentine oil (0,6ml/kg b.w. i.m.) (Pillon et al., 2017) (Ramm and Mally, 2013)it appears that drug-independent risk factors that increase reactive metabolite formation or alter cellular stress and immune response may be critical determinants in the response to an otherwise nontoxic drug. Thus, we were interested to determine the impact of various drug-independent stress factors -lipopolysaccharide (LPS. In day 8 the blood was harvested by retro-orbital puncture under anaesthesia induced with 60 mg/kg b.w. ketamine and 15 mg/kg b.w. xylazine (Francischi et al., 2017) we have shown that injection of carrageenan, a standard proinflammatory stimulus, into the cheek (intra-oral injection. Serum was stored in -80°C until use. All the animals were used only once and they were killed by cervical dislocation immediately after the assay.
Antioxidant effect evaluation
To evaluate the in vitro antioxidant effects of MA flower extracts a 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical scavenging assay was used (Andreicuţ et al., 2018) .
To evaluate the in vivo antioxidant effects, serum total oxidant status (TOS), total antioxidant capacity (TAC), oxidative stress index (OSI), nitrites and nitrates (NOx), malondialdehyde (MDA) and total thiols (SH) were measured (Toiu et al., 2018) .
Statistical analysis
Results were given as mean and standard deviation and the statistical analysis was performed using SPSS 16 (Inc, Chicago, IL, USA).
One way analysis of variance (ANOVA) test and Bonferroni-Holm posthoc test were used for group comparison, considering significant p values under 0.05.
Results and Discussions
The tests performed in the present study revealed antioxidant effects of the MA in acute experimental inflammation.
Oxidative stress is an unbalance between ROS and antioxidant defence (Ozben, 2007) . ROS represent the oxygen derived molecules which are able to accept electrons and also oxidize other molecules (Sullivan and Chandel, 2014 All these phitochemical and pharmacological data suggested antioxidant effects of MA.
Various methods were described for measuring TOS (Andreicuţ et al., 2018) .
TOS analysis showed that inflammation caused an important increase (p<0.01) of ROS production and diclofenac induced a significant reduction (p<0.001). Compared with the inflammation group, MA caused a reduction of TOS, MA50% having the best effect (p=0.001), while MA100% (p=0.01) and M25% (p<0.01) effects were smaller. MA effects were also smaller than those of diclofenac (p<0.001) ( figure 1) .
In a review published by nutritionists, TAC was defined as "cumulative action of all the antioxidants present in plasma and body fluids, thus providing an integrated parameter rather than the simple sum of measurable antioxidants" (Sies, 2007) . Thus, TAC represents the effect of all the antioxidants chain-breaking including uric acid and thiol groups (Ghiselli et al., 2000)thus providing an integrated parameter rather than the simple sum of measurable antioxidants. The capacity of known and unknown antioxidants and their synergistic interaction is therefore assessed, thus giving an insight into the delicate balance in vivo between oxidants and antioxidants. Measuring plasma AC may help in the evaluation of physiological, environmental, and nutritional factors of the redox status in humans. Determining plasma AC may help to identify conditions affecting oxidative status in vivo (e.g., exposure to reactive oxygen species and antioxidant supplementation. Therefore TAC can be useful in clinical status moni toring for patients with diabetes, cystic fibrosis, diabetes, phenylketonuria (Janaszewska and Bartosz, 2002).
Experimental inflammation (p>0.05) and diclofenac (p>0.05) had no effects on TAC. MA had also no important influence on TAC ( figure 2) .
OSI represents the ratio between TOS to TAC, (Varol et al., 2013) . Inflammation increased OSI (p<0.01) and diclofenac reduced OSI (p<0.001). All MA dilutions were good inhibitors of OSI but diclofenac was better ( figure 3) .
NO is an oxidation product of l-arginine, mediated by NADPH and catalysed by NOS ( Inflammation increased NOx synthesis (p<0.001) and diclofenac had no significant effect. All the MA dilutions had no important effect upon NOx synthesis as well (figure 4).
Lipid peroxidation is the result of nonenzymatic auto oxidation of polyunsaurated fatty acids and is involved in ageing, cancer, atherosclerosis, rheuma toid arthritis, inflammation, lupus, diabe- ). MDA is one of the major products formed after lipid hydroperoxides breakdown and has mutagenic and cytotoxic effects. MDA is a good marker of the presence of ROS induced lesions (Mateos et al., 2005) .
Inflammation determined an important increase in MDA production (p<0.001) and diclofenac caused an significant reduction (p<0.001). All MA dilutions had no significant inhibitory effect (p>0.05) upon MDA production ( figure 5) .
Total thiols are the major plasma antioxidants in the human body. They are organic compounds containing a sulfhydryl group and albumin represents more than 50% from the total plasma proteins (Prakash et al., 2009 ). An unbalance of total thiols was found in many diseases, like rheumatoid arthritis, chronic heart disease, cancer, diabetes, Parkinson's and Alzheimer's diseases (Wei Chen, Yong Zhao, Teresa Seefeldt, 2008).
SH was reduced by inflammation (p=0.05) and diclofenac had no significant effects. All MA dilutions had a good stimulatory activity on SH, MA100% (p=0.001) being better than MA50% (p<0.01) and MA25% (p<0.01) (figure 6). 
Conclusions
The present results and the previous phytochemical analysis helped us to conclude:
• M. aquifolium flower alcoholic extract had antiinflamatory effect by reducing oxidative stress.
• M. aquifolium flower alcoholic extract had antioxidant properties by reducing OSI and TOS, and increasing SH.
• M. aquifolium flower alcoholic extract had no important effect upon NO and MDA synthesis.
• The best antioxidant effect was obtained with M.
aquifolium flower alcoholic extract 50%.
• M. aquifolium flower alcoholic extract antioxidant effects were smaller than those of diclofenac.
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